Objective: The aim of this study was to compare open and laparoscopic sigmoid resection for diverticulitis with the patient and the nursing staff blinded to the surgical approach. Methods: A total of 113 patients scheduled for an elective sigmoidectomy were randomized to receive either a conventional open (54 patients) or a laparoscopic (59 patients) approach. Postoperatively, an opaque wound dressing was applied and left in place for 4 days, and patients from both groups were managed similarly. The primary endpoints for analysis were (1) postoperative pain; (2) duration of postoperative ileus; and (3) duration of hospital stay (ClinicalTrials.gov, number NCT 00453830). Results: The median duration of procedure was 165 minutes (range, 90 -285) in the laparoscopy group and 110 minutes (range, 70 -210) in the open group (P Ͻ 0.0001). The median delay between surgery and first bowel movement was 76 (range, 31-163) hours in the laparoscopy group versus 105 (range, 53-175) hours in the open group (P Ͻ 0.0001). The median score for maximal pain (assessed by a visual analog scale) was 4 (range, 1-10) in the laparoscopy group and 5 (range, 1-10) in the open group (P ϭ 0.05). Finally, the median duration of hospital stay was 5 days (range, 4 -69) in the laparoscopy group versus 7 days (range, 5-17) in the open group (P Ͻ 0.0001). Conclusion: Laparoscopic sigmoid resection is associated with a 30% reduction in duration of postoperative ileus and hospital stay; by comparison, benefits in terms of postoperative pain appear less impressive, when the patient is blinded to the surgical technique.
C olonic diverticular disease is a major clinical problem, ranking fifth in the list of digestive diseases with 2.2 million cases identified in the United States in 1998. 1 Sigmoid diverticulitis develops in about 20% of patients with diverticulosis, and is increasingly prevalent in Western countries. 2 Despite a lack of evidence-based data, most scientific authorities still recommend sigmoid resection after repeated attacks of simple, or after 1 attack of complicated (abscess, fistula, stenosis) diverticulitis. [3] [4] [5] Incidentally, sigmoidectomy represents one of the best indications of colorectal surgery to a laparoscopic approach. 6 In the past 10 years, several nonrandomized studies have demonstrated that laparoscopic resection is a feasible and perhaps preferable alternative to open surgery for sigmoid diverticulitis. Potential short-term benefits of a minimally invasive approach for sigmoid resection include a reduction in postoperative pain, duration of hospital stay, and duration of postoperative ileus. [7] [8] [9] Long-term benefits include better cosmesis and possibly a reduced risk of adhesions and incisional hernia. The sum of these potential benefits is impressive, and yet, the proportion of sigmoid resections performed laparoscopically remains surprisingly low; between 1992 and 2001, 3.6% of patients only underwent laparoscopic sigmoidectomy, according to a large database containing information about 56,000 patients who underwent surgery for diverticular disease in the United States. 10 In the same country, between 2000 and 2004, the proportion of sigmoid resections performed laparoscopically increased from 4.3% to 7.6%. 11 By comparison, in the same population, the proportion of cholecystectomies performed laparoscopically increased from 2.5% to 73.7% between 1988 and 1992. 12 Several factors may have contributed to this difference, including a steep learning curve for the surgeon, the longer time required to perform the procedure, and the need for larger incisions to retrieve the specimen. Additional unbiased evidence of short-term benefits could contribute to a wider adoption of the laparoscopic approach in this indication. This prospective, randomized study was undertaken to compare outcome of laparoscopic versus open sigmoid resection for diverticulitis with the patient and the nursing staff blinded to the surgical approach.
PATIENTS AND METHODS
We conducted a single-center randomized trial comparing laparoscopic versus conventional open sigmoid colectomy among patients with diverticulitis. The patients and hospital staff were blinded to the procedure for 4 days after surgery to ensure that all patients would receive equivalent postoperative care, and that the measurement of short-term clinical outcomes would be unbiased. This blinding method was similar to that used by Majeed et al in a previous cholecystectomy trial. 13 The protocol was approved by the research ethics committee at Geneva University Hospitals, and registered at ClinicalTrials.gov (Identifier NCT00453830).
Between January 1, 2005 and February 28, 2009, patients scheduled for an elective sigmoid resection for diverticulitis at the University Hospital of Geneva, Switzerland, were invited to participate in the trial. Inclusion and exclusion criteria are summarized in Table 1 . Eligible patients were seen in the outpatient clinic by the principal investigator, who explained the nature and purpose of the trial, and obtained written informed consent for participation in the study. The files of recruited patients were then placed on the waiting list until the scheduled date of surgery. On the day before surgery, patients were admitted to hospital, and group allocation was determined by a computer-generated random sequence, which was kept concealed and communicated to the investigator by an independent statistician during a telephone communication. All medical docu-ments and operative notes referred to the procedure as "sigmoid trial" without specifying the actual surgical approach.
Participating Surgeons and Surgical Procedures
Two surgeons (P.G. and I.I.) performed or personally supervised 109 of 113 procedures. Both had been previously trained in colorectal and laparoscopic surgery with more than 100 laparoscopic sigmoid resections each before operating on trial patients. Patients in both groups had no mechanical bowel preparation, but received 2 small (100 mL) enemas the evening before surgery. All patients also underwent placement of a nasogastric tube and urinary catheter in the induction room. Both tubes were removed in the recovery room, immediately after operation. Antibiotic prophylaxis (ceftriaxone i.v. 2 g and metronidazole i.v. 500 mg) was administered at the time of induction of anesthesia.
Laparoscopic Sigmoid Colectomy
A 5-trocar technique was used with the patient in a modified Trendelenburg position. Under direct vision, a 12-mm optic trocar was inserted above the umbilicus, two 5-mm trocars were placed in the left and right paraumbilical areas; the operating 10-mm trocar was located in the right iliac fossa; a fifth trocar was positioned in the suprapubic midline, and this incision was extended (6 -7 cm) for specimen extraction. The dissection began by identification, then coagulation with LigaSure of the trunk of the sigmoid arteries after visualization of the left ureter. The mesenteric attachments were freed widely, and the parietal peritoneum was divided up to the splenic flexure. Complete mobilization of the splenic flexure was optional and left to the discretion of the surgeon, but was required in most cases to create a tension-free colorectal anastomosis. The rectosigmoid junction was identified, and the upper rectum was divided with the 45-mm endoGIA stapler (Ethicon EndoSurgery, Spreitenbach, Switzerland). The sigmoid colon was extracted through the mini-Pfannenstiel incision and specimen resection was completed extracorporeally. The anvil of the circular stapling device was secured in the left colon with a purse-string suture, the colon was reintroduced within the peritoneal cavity, pneumoperitoneum was re-established, and a side-to-end or end-to-end colorectal anastomosis was performed after transanal insertion of the 29-mm circular stapler.
Conversion to an open procedure was indicated in case of (1) unclear anatomy and/or difficulty to clearly identify retroperitoneal structures; (2) extensive adhesions within the pelvis; and (3) peri-operative complications (bleeding or ureteral injury). According to the intention-to-treat principle, converted cases were analyzed in the laparoscopic group.
Open Sigmoid Colectomy
The peritoneal cavity was entered through a midline incision, which was extended above the umbilicus. Left and sigmoid colon were freed from their peritoneal attachments, and the left ureter was identified. The rectosigmoid junction was identified and the upper rectum was divided using a linear 60-mm stapler after clearing off the mesorectum fatty tissue. The proximal dissection was completed with transection at the junction of the descending and sigmoid colon using a linear 75-mm stapler. After insertion of the anvil of the 29-mm circular stapler in the proximal colon, a double-stapled colorectal anastomosis was performed, and the abdomen was closed in a standard manner.
Anesthesia, Pain Relief, and Postoperative Management
Patients were premedicated with midazolam 1 hour before induction. Induction was performed with propofol, fentanyl, and curare. Maintenance was achieved with desflurane and supplements of fentanyl. Mivacurium was administered continuously to provide optimal muscular relaxation. Wound infiltration with local anesthetics at the end of the operation was prohibited in both groups. At the end of the procedure, the patients were transferred to the recovery room until vital parameters were stable; the evening of the operation, patients were transferred back to the surgical ward.
Pain management was achieved with paracetamol i.v. 500 mg q.i.d. and ketorolac i.v. 30 mg t.i.d. for the first 48 hours, and then switched to paracetamol p.o. 500 m.g. q.i.d. and ibuprofen p.o. 600 mg t.i.d. In addition, the patients were instructed to ask the nurse for opiates administration in case of intractable pain. Morphine was injected subcutaneously whether needed at a dose of 0.1 mg/kg, with a maximum daily dose of 0.6 mg/kg. On postoperative day 1, all patients were free to drink as much fluid as tolerated, and were started on a solid diet on postoperative day 2. They were encouraged to walk as soon as possible. Postoperative dressings were removed on day 4, and the patients were informed at that time that they could go home as soon as they feel confident to do so.
Blinding Technique
At the end of the procedure, a sterile, opaque dressing was applied over the lower abdomen, and left in place for 4 days, to conceal the type of incision. In addition, no precision regarding the surgical access route was made in all medical documents, as well as nursing Kardex. The patient, his family, and the nursing staff only knew that a sigmoid resection was performed until dressing removal on postoperative day 4.
Outcome Variables
The main outcome variables of the trial were as follows: complication, the second hospital stay was added to the total postoperative stay. 3. Postoperative morbidity, need for reoperation, and/or mortality.
Analysis

Sample Size
We sought to detect a mean difference in 0 to 10 VAS scores of 1.0 unit, and a mean difference in delays from surgery to the passing of stools of 24 hours, with a power of Ͼ80% and a type 1 error probability of 5%. In similar patients at our hospital, the standard deviation of postoperative visual analogue pain assessments is between 1.5 and 2.0, and the standard deviation of stool delays is 36 to 48 hours; therefore, we sought to detect a mean difference of 0.6 standard deviations (effect size). We determined that 55 patients in each arm would provide the necessary power.
Statistics
To assess the comparability of the 2 groups, we examined the characteristics of the patients at baseline. To compare VAS pain scores obtained on each postoperative day, we performed Mann-Whitney tests. To compare time-related variables (time to passing of flatus and stools, duration of surgery, and length of hospital stay), we used both Mann-Whitney tests and time-toevent methods (Kaplan-Meyer curves and log-rank tests). To compare proportions of patients with events, we used crosstabulation and Fisher exact test tests. The analysis was performed on SPSS software, version 15.
RESULTS
Patients
Between 2005 and February 2009, 132 patients were randomized, and 113 were operated on according to the procedure allocated after randomization, and eventually completed the protocol. The trial flow diagram is shown in Figure 1 , and patients' preoperative characteristics are summarized in Table 2 . Patients who underwent an open sigmoid resection were older than patients who had a laparoscopic approach (median age 62.5 ͓range, 38 -84͔ vs. 57 ͓range, 29 -82͔ years). There were no other differences between the 2 groups. Nineteen randomized patients were excluded after randomization: in 2 patients, a diverting colostomy and a Hartmann procedure were performed because of unexpected deep pelvic abscesses. The following four protocol violations occurred 1 patient had an epidural catheter placed by another anesthetist, and in 3 patients, blinding was not respected because of placement of an 
Outcome Comparisons
Patients in the laparoscopy group consistently scored better (had less pain) for each time interval (Table 3) ; however, these differences were small and not statistically significant, with the exception of day 4. When considering only the maximal pain for each patient during the postoperative course, the median value of VAS was 4 (range, 1-10) in the laparoscopy group versus 5 (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] in the open group (P ϭ 0.055). These results were consistent with morphine intake: the total dose of morphine administered during the postoperative course was lower in the laparoscopy group than in the open group (median, 7 ͓range, 0 -82.5͔ mg vs. 10 ͓range, 0 -82.5͔ mg, P ϭ 0.006). These differences are illustrated in Figure 2 .
Laparoscopic sigmoid resection took longer to perform: median duration of the procedure was 110 (range, 70 -210) minutes in the open group and 165 (range, 90 -285) minutes in the laparoscopic group (P Ͻ 0.0001). By contrast, the duration of postoperative ileus was markedly reduced in the laparoscopic group: median delay between surgery and first passing of flatus was 31 (range, hours in the laparoscopy group versus 48 (range, 20 -118) hours in the open group (P Ͻ 0.001). Similarly, the median delay between surgery and first bowel movement was 76 (range, 31-163) hours in the laparoscopy group versus 107 (range, 53-175) hours in the open group (P Ͻ 0.001) ( Fig. 3) .
Finally, the median duration of hospital stay was 5 (range, 4 -69) days in the laparoscopy group versus 7 (range, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] days in the open group (P Ͻ 0.001) ( Fig. 4) . Mean lengths of stay were almost identical, with a large standard deviation (9.7 days) in the laparoscopy group, because 2 patients had prolonged hospital stays due to small bowel perforation (44 and 69 days).
Complications
There were no mortality and no anastomotic leak. laparoscopic group. Table 4 summarizes these postoperative events. Five (8.5%) patients had their laparoscopic sigmoid resection converted to an open procedure.
DISCUSSION
Our trial was designed to objectively compare 2 surgical techniques by standardizing perioperative management and providing masked assessment of outcome. Compared with open surgery, laparoscopic resection of the sigmoid colon for diverticulitis led to a slight and nonsignificant reduction in postoperative pain (by a mean difference of about 0.5 points on a 0 -10 visual analogue scale), a marked and statistically significant shortening of postoperative ileus (by about 18 hours for flatus, and 24 hours for stools), and a shortening of the hospital stay by about 2 days for most patients. On the downside, the laparoscopic procedure was significantly longer, by approximately 1 hour, and had slightly more complications, even though the latter difference was not statistically significant.
Many randomized trials comparing laparoscopic and open colon resections have included patients in whom the standard of surgical care was far from optimal. 14 The recently published SigmaTrial illustrated this difficulty: the conclusions of this multicenter study were hampered by the relatively poor quality of surgery, with a 10% anastomotic leak rate in the open group. 15 The practical question, therefore, is does laparoscopic sigmoid resection achieve better outcomes in centers in which conventional open colectomies are routinely done with little postoperative morbidity and no postoperative mortality? In this study, the quality of surgery in the open group certainly met the current standard of care, with no mortality, no anastomotic leak, and a Ͻ10% complication rate. Yet, objectively and subjectively, patients in the laparoscopic group did better in the early postoperative period.
Objectively, a 30% reduction in duration of postoperative ileus was demonstrated; this translated into a 30% reduction in duration of hospital stay. Subjectively, pain was less intense and morphine intake was reduced in the laparoscopic group; however, these differences (0.5 point on the VAS score, and 2.5 mg of morphine), were of borderline statistical significance, and appear clinically less relevant. In fact, our data regarding short-term outcome of laparoscopic sigmoid resection appear remarkably similar to the findings of a recent meta-analysis, which demonstrated approximately 45 minutes longer operating time, a reduced perception of pain (by 0.8 -1.2mm on the 10-mm VAS score), a 24-hour reduction of postoperative ileus, and a 36-hour reduction in hospital stay. 16 In accordance with our data, this systematic review also demonstrated that the incidence of postoperative complications was not decreased by the laparoscopic approach.
Some complications are relatively specific to laparoscopic surgery, such as small bowel perforation. 17 In this study, 2 patients developed this condition, 5 days after surgery, and underwent reoperation for suturing the perforation, and peritoneal cavity lavage and drainage. The first patient had extensive small bowel adhesions in relation with a previous pelvic abscess; the second patient probably suffered a thermal injury, which was not detected at the time of the initial procedure. Both patients had a prolonged hospital stay (44 and 69 days) related to wound infection and/or dehiscence. For us, this is the most fearsome complication of the laparoscopic technique; we believe its incidence, with few exceptions, 18 might be underreported in the surgical literature. The question of whether small bowel perforations are more common with laparoscopic colectomy compared with open colectomy remains controversial; but certainly, the risk for the surgeon to overlook small bowel perforation (when it is caused by an instrument outside the vision field provided by the camera) is higher after laparoscopic colectomy.
The main weakness of this study is related to the traditional mode of perioperative management; although we avoided mechanical bowel preparation, drains, and encouraged early ambulation and removal of catheters, modern concepts of multimodal (fast-track) rehabilitation were not implemented. 19 The standard of perioperative management for colorectal surgery is rapidly evolving, and the results of conventional colectomy might be further improved by the integration of various strategies for decreasing gut dysmotility, including epidural anesthesia 20 and opioid antagonists, 21 in the immediate postoperative period. Whether the earlier-mentioned advantages of laparoscopy over open surgery are preserved when an epidural anesthesia is used, remains an intriguing hypothesis, certainly worth future research within evidence-based surgical trials. 22 Another weakness is related to the small number of patients included; however, we believe that a relatively small single-center study performed by a limited number of experienced surgeons might Annals of Surgery • Volume 252, Number 1, July 2010 Laparoscopic Sigmoid Colectomy provide the clinicians with convincingly conclusive data. 23 Finally, the blinding process was not extended beyond postoperative day 4, which might have introduced a bias in the decision made by the patient regarding time of discharge.
CONCLUSIONS
In our institution, and under relatively conventional perioperative management, the main short-term benefit of a laparoscopic approach for sigmoid resection is a dramatic reduction (30%) in the duration of postoperative ileus and hospital stay. Patients operated with a laparoscopic approach do have less pain and take less opiates, but these differences were, by comparison, statistically and clinically of borderline significance. Alongside these important advantages, laparoscopy is also associated with prolonged operative time and lethal complications, such as small bowel perforation. Potential long-term benefits, which may include a reduction in incisional hernias, adhesions, and small bowel obstruction, are yet to be demonstrated.
